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Summary  In  the  present  study,  a  brief  discussion  on  the  hydroelastic  analysis  of  VLFS  using
Boundary  Element  Method  (BEM)  with  basic  assumptions,  boundary  conditions  and  support  con-
ditions required  are  presented.  An  overview  of  present  scenario  about  development  of  VLFS
using BEM  and  also  future  prospects  are  presented.  The  study  on  existing  VLFS  systems  ﬂoated
in the  sea  around  world  could  be  considered  as  indicative  of  the  present  state  of  affairs.  Further,
various numerical  methods  adopted  by  the  researchers  is  reviewed  in  particular,  on  the  hydroe-
lastic analysis  of  VLFS,  dynamic,  static  and  structural  response  of  the  system  is  discussed.  The
study presented  herein  will  be  helpful  to  naval  architects,  ocean  and  structural  engineers  for
suitable design  and  analysis  of  VLFS  subjected  to  wave  force.
© 2016  Published  by  Elsevier  GmbH.  This  is  an  open  access  article  under  the  CC  BY-NC-ND  license
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Introduction
The  interaction  of  surface  waves  with  Very  Large  Floating
Structure  (VLFS)  has  gained  considerable  importance  around
the  world  for  the  design  of  large  ﬂoating  airports,  mobile
offshore  base  and  artiﬁcial  islands.  These  very  large  ﬂoat-
ing  structures  are  used  as  an  alternative  solution  to  the  land
reclamation  process.  The  VLFS  in  general  lay  on  the  sea
 This article belongs to the special issue on Engineering and Mate-
rial Sciences.
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evel  like  a  giant  ﬂoating  elastic  plate  and  is  suitable  for
se  in  calm  waters.  In  last  few  decades,  there  has  been  a
igniﬁcant  progress  in  the  literature  on  study  of  hydroelas-
ic  behaviour  of  VLFS  using  various  analytical  and  numerical
ethods.  Among  all  the  methods  developed,  the  Bound-
ry  Element  Method  (BEM)  is  one  of  the  most  efﬁcient  and
seful  tool  for  the  analysis  and  design  of  the  structure.
his  method  can  be  extended  from  2-D  case  to  3-D  case
fﬁciently.  Numerical  method  using  boundary  element  and
oundary  integral  equation  (BIE)  formulations  for  mechan-
cs  problems  were  originated  in  late  60s.  The  2-D  potential
roblem  was  initiated  by  using  direct  BIE  and  the  work  then
xtended  for  elastostatic  problem  (Rizzo,  1967).  The  advan-
age  of  BEM  as  compared  to  other  numerical  methods  is  the
icle under the CC BY-NC-ND license (http://creativecommons.org/
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RFigure  1  Schematic  di
eduction  of  dimensions  of  the  problems  from  3-D  to  2-D  and
-D  to  1-D.  In  BEM  approach  it  is  much  easier  to  generate
esh  as  compared  with  other  domain  based  methods.  The
odelling  can  be  performed  accurately  using  BEM  approach
or  inﬁnite  domain  problems.  This  paper  outlines  basic  for-
ulation  of  the  BEM  for  2-D  potential  problems  (Watanabe
t  al.,  2004).
EM approach for analysis of VLFS
he  formulation  of  ﬂoating  thin  elastic  plate  is  for-
ulated  based  on  Taylor  (Eatock  Taylor,  2007;  Korobkin
nd  Khabakhpasheva,  2006).  Governing  equations  are  ﬁrst
ummarised.  Consider  a  ﬂoating  beam  of  length  L  which
overs  a  part  of  undistributed  water  surface  which  is  desig-
ated  as  x  −  y  plane  (−b  ≤  y  ≤  b,  0  ≤  x  ≤  L)  and  is  subjected
o  waves  with  wavelength    =  ˛L  as  shown  in  Fig.  1. The
artesian  coordinate  system  has  been  adopted  and  the  x-
s  considered  horizontal  and  z-axis  is  vertical  upward.  The
ncident  wave  travels  from  x  =+∞  to  x  =−∞.  The  sea  waves
re  assumed  to  be  small  as  compared  with  L  and  B.  The
hickness  d  is  assumed  to  be  very  small  as  compared  with
ther  two  dimensions.
The  ﬂoating  beams  are  allowed  to  move  freely  in  vertical
irection  and  they  are  always  in  contact  with  the  ﬂuid.  The
lastic  response  of  ﬂoating  beam  is  solved  by  the  Boundary
lement  Method  (BEM)  subjected  to  regular  wave  actions.
he  beam  is  discretised  into  ‘N’  number  of  elements  with
espect  to  the  boundaries  and  the  convergence  test  for  the
eﬂection  and  Bending  moment  has  been  carried  out.  The
lastic  plate  is  considered  to  be  satisfy  Euler  Bernoulli  equa-
ion  and  plate  deﬂection  w  satisﬁes
4 d
4w
dx4
−  kw  =  p,  (1)
here  ˇ4 = EI/gL4 and    =  h/L.  In  order  to  model  ﬂoating
lastic  plate  using  Euler  Bernoulli  beam  theory  has  been
dopted.  The  relationship  between  displacement  w  and
elocity  potential    is  given  by
p =  −iω  −  gw  on  y  =  0,  (2)

here  p  is  the  pressure,    is  density  of  the  water,  EI  is  ﬂex-
ral  rigidity  of  the  beam.  Beam  is  having  free-free  edge
T
W
T for  ﬂoating  thin  plate.
ondition,  so  at  supports  or  at  free  ends,  bending  moment
nd  shear  force  satisﬁes  the  relation.
d2w
dx2
=  0  and d
3w
dx3
=  0  at  x  =  0  and  x  =  L.  (3)
To  represent  the  deﬂection  w  and  pressure  p,  Galerkin
ormulation  with  assumed  functions  are  used  to  represent
he  beam  and  combining  ﬂuid  part  boundary  conditions  we
btain
ω2sH
∫ 1
−1
Hu
THu det  Jdr−EI
B
∫ 1
−1
(
∂2Hu
∂r2
)T(
∂2Hu
∂r2
)
det  Jdr
]
×  u3 +
[∫ 1
−1
Hu
TH  det  Jdr
]
p  =  0,  (4)
∫ 1
−1
HTHu det  Jdr
]
u3 +
[
1
wg
∫ 1
−1
HTHu det  Jdr
]
p
−
[
ω2
2wg2
∫ 1
−1
HT (s)
[∫ 1
−1
H(r)G(x1,  	1)  det  Jdr
]
det  Jds
]
p
=  a
∫ 1
−1
HT exp(x1) det  Jdr (5)
here  H  is  the  structural  stiffness,  B  is  the  width,  I  is  moment
f  inertia  and  detJ  =  l/2.  The  Eq.  (4)  and  Eq.  (5)  is  solved
umerically  and  is  obtained  in  matrix  form  as
Sm −  Sk Sc
Fc Fm −  FG
][
u3
p
]
=
[
0
FI
]
(6)
here  Sm =  ω2sH
∫ 1
−1 Hu
THu det  Jdr  is  the  structural  mass,
Sk = EIB
∫ 1
−1
(
∂2Hu
∂r2
)T (
∂2Hu
∂r2
)
det  Jdr  is  the  structural  stiff-
ess,
Fm = 1wg
∫ 1
−1 H
THu det  Jdr  is  ﬂuid  stiffness,
FG = ω22wg2
∫ 1
−1 H
T (s)
[∫ 1
−1 H(r)G(x1,  	1)  det  Jdr
]
det  Jds  is
he  ﬂuid  massand  FI =  a
∫ 1
−1 H
T exp(x1)  det  Jdr  is  the  incident
ressure.
esults and discussionhe  BEM  methodology  as  in  Karmakar  et  al.  (2009)  is  used,
u  et  al.  (1995)  case  has  been  used  to  obtain  the  results.
he  results  have  considered  with  experimental  results  for
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Figure  2  Deﬂection  |w|  of  the  plate  for  K  =  19.71,  (a)  B4 =  4.8025  ×  10−6 and  4.8025  ×  10−4 (b).
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WFigure  3  p  of  the  ﬂuid  for  
the  beam  in  wave  ﬂume  spanning  across  the  width  and
eigenfunction  expansion  technique  has  been  adopted  for
numerical  approach.  The  experimental  data  conﬁrmed  the
numerical  approach.  The  subsequent  work  of  Wu  et  al.
(1995),  showed  that  for  convergence  of  the  results  at  least
50  terms  are  required  to  plot  the  results  accuratly  for  the
cases  considered  in  Wu  et  al.  (1995).
In  the  present  study  the  convergence  test  for  the  numeri-
cal  model  developed  by  using  the  above  mentioned  method.
The  dimensional  less  parameters  ı  =  0.11,    =  0.836  ×  10−3,
ˇ4 =  4.8025  ×  10−6 corresponds  to  the  results  shown  in
Fig.  2(a  and  b)  the  greens  functions  trancuated  at  rate  45
terms.  |w|  is  modulus  of  displacement  of  beam,  and  shown  in
Fig.  2(a  and  b)  respectively,  the  dimensional  less  wave  num-
ber  K  =  19.71  and  K  =  4.870  for  a  wave  periods.  It  is  shown
that,  at  50  terms  model  gives  good  results  and  validated
based  on  Wu  et  al.  (1995)  (Fig.  3).
ConclusionThis  paper  deals  with  the  extraction  of  the  diffraction  and
radiation  terms  from  the  coupled  equations.  By  considering
a  beam  it  has  been  illustrated,  Galerkin  approximation  with
simple  scheme  is  used  to  obtain  Numerical  results.  In  the
W9.71  and  B4 =  4.8025  ×  10−6.
ases  considered,  if  we  separate  the  diffraction  problem,
adiation  problem  and  hydrostatic  problem  the  magnitude  is
uch  larger  than  their  combined  effect.  By  comparing  the
quare  and  rectangular  plate  of  same  condition  the  results
ave  been  discussed  above.  The  aspect  ratio  is  very  sensitive
n  the  overall  response  of  ﬂoating  plate.
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